In merodiploid strains of Klebsiella aerogenes with chromosomal hut genes of K. aerogenes and episomal hut genes of Salmonella typhimurium, the repressor of either species can regulate the hut operons of the other species. The repression exerted by the homologous repressor on the left-hand hut operon is, in both organisms, stronger than that exerted by the heterologous repressor.
In the preceding paper (5) we showed that the hut (histidine utilization) operons of Salmonella typhimurium introduced on an episome into a strain of Klebsiella aerogenes whose hut genes have been deleted respond normally to regulation by the product of their repressor gene hutC. We shall now consider whether in merodiploid strains of K. aerogenes with chromosomal hut genes of K. aerogenes and episomal hut genes of S. typhimurium the repressors coded by the hutC gene of one species can regulate the expression of the hut genes of the other species. This study was prompted by the observation of marked differences in the expression of the hut operons of the two species, even when they are present in the same cytoplasm, i.e., that of K. aerogenes (6) . The levels of the enzymes determined by the hut genes of K. aerogenes are 4-to 10-fold higher than those determined by the hut genes of S. typhimurium (6) ; induction brings about a more than 10-fold increase in the level of formiminoglutamate (FGA) hydrolase of K. aerogenes but only a 2-to 3-fold increase in the level of the enzyme of S. typhimurium (1, 6 We find now that the repressor of either species can regulate the hut operons of the other species in the intact cell. However, we detect some differences between intra-and interspecies-specific regulation.
MATERIALS AND METHODS Chemicals. The chemicals used were described previously (1, 5, 6).
Bacterial strains. The bacterial strains used are listed in Table 1 . Some of the strains were described previously (5, 6) . The hut and gal mutants were isolated and the merodiploid strains were constructed by previously described methods (2, 6).
Cultivation of bacteria. A 0.05-ml portion of a culture grown overnight at 37 C in LB broth was used as inoculum, in a test tube (2.5 by 20 cm), for 5 ml of minimal medium containing 0.4% citrate as the carbon source (6) . The tubes were then shaken, slanted, at 37 C. Growth was allowed to continue until a cell density of 120 + 10 Klett units was reached. The cultures were then chilled on ice, and the cells were collected by centrifugation, washed with 2.5 ml of buffer (potassium phosphate [pH 7.4, 0.01 M] containing 5 mM 2-mercaptoethanol), and finally resuspended in 0.5 ml of the buffer. The suspensions were kept at 4 C; they were used for FGA hydrolase assay within 24 h and for histidase and urocanase assays within 48 h.
Enzyme assays. The assay of histidase, urocanase, and FGA hydrolase in hexadecyl trimethylammonium bromide-treated cell suspensions was by previously described procedures (8, 9 
RESULTS
We chose as our measure of operon expression in the absence of repressor the enzyme levels in mutants that are constitutive because of a mutation in the hutC gene. We previously found that this is a more reliable indication of derepression than the determination of enzyme levels in induced cells with a functioning hutC gene (3). This is probably due to the difficulty with which the true inducer, urocanate, enters the cell (1) and to an incompletely understood repressive effect exerted by the physiological inducer histidine, but which is not attributable to hutC (1).
The constitutive levels of the enzymes coded by the chromosomal hutK genes of K. aerogenes and the episomal hut, genes of S. typhimurium are shown in Table 2 . It is apparent that the levels of K. aerogenes enzymes are much higher than those of the S. typhimurium enzymes.
The effects of the hut repressor from S. typhimurium on the hut operons of both species are shown in Table 3 . The enzymes of the right-hand operon, histidase and urocanase, are almost completely repressed regardless of origin; their levels are lowered at least 50-fold. The repression of FGA hydrolase is less complete; the level of the enzyme from S. typhimurium is lowered approximately fourfold, and that of the K. aerogenes enzyme is lowered approximately eightfold.
The effects of the hut repressor from K. aerogenes are shown in Table 4 . In this case too there is essentially complete repression of histidase and urocanase, regardless of origin. There aThe specific activity of FGA hydrolase in strain MK101 (Table 2) for the enzyme from S. typhimurium and in strain MK5325 (Table 2) for the enzyme from K. aerogenes was set at 100.
We now find that the left-hand operons of both organisms respond to heterologous repressors. The repressor of S. typhimurium represses the FGA hydrolase of K. aerogenes more strongly than its own. Conversely, the repressor of K. aerogenes repressers the FGA hydrolase of S. typhimurium less strongly than its own (Table 5 ). These observations indicate that the stronger homologous repression in K. aerogenes, when compared with that in S. typhimurium, reflects a greater sensitivity of the K. aerogenes operator.
We also find that the repression exerted by the homologous repressor on the FGA hydrolase of either organism is somewhat stronger than that exerted by the heterologous repressor (Table 5 ), suggesting that the two repressors are not structurally identical. This difference may account for our failure to detect the hut repressor in cell extracts of K. aerogenes by its ability to bind hut-specific deoxyribonucleic acid from S. typhimurium.
In conclusion, we must stress the great similarity of hut repressors of the two organisms, as revealed by the heterologous interactions. This similarity is perhaps unexpected since the two enteric organisms are rather distantly related by deoxyribonucleic acid composition: 58 and 51% guanine plus cytosine for K. aerogenes and S. typhimurium, respectively (7) .
